



























































































































































































































































































































































































































































































































t~bYWYikbYjﬃ     G       #
"!'$!
B


























_ObY_   G       !ª
$!
B







































































































































































_QaOb     &+
&Q0& =?>A@CBEDF>HGJILK1MON1N1PRQ    G       &)/
&Q0&Q$!
p(c



















]4_OaQxyblaOi^_O`4XO_O`'bl_   G       L&
&Q  =?>A@CBEDF>HGﬀONﬁﬀ<Qﬃﬂ  K    G       '
&Q O$!
p(c













































Z    G       )#
)
ﬀ



























aObY[k[8   G       !)/

P






























aObY[k[8   G       #9/
!Q 
P















aObY[k[8   G       /'Ł
#0&
P
Z\`'blxO_Oi^jgj\b     G       /<!


































































i^_  G      !)!6&











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































!     	   4   		



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































) ﬃ )  ) # ) ﬁﬀﬃﬂ 
|
¡'/+






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































!        	  4	 
4  

























































































































  )6  
#
 )   
#






















































































































































































































































          !*&
ﬁﬀﬂ 



























































































































































































































































































































































































]4XQoWlXQo]4jgj\bY_W4 3  -

































































































































































































































































	    


















































































































































































d     
 ﬁ

















































































































X/ARTN:RTIKªQBED/dJ>@BED NQs]dfNQ[]pAG?/X/ALA7NQPSRT>@UQ? NQ[/BED >J?iA7>J?/A &UVdJgVAhQUV?»=d@AGFHAG?-RTNQYKY^AONQPSRK>@UV?/AG?
~7AGYKdJA7gVAG?<u





















































































































































































d     
 ﬁ















































































-01 / /.4-01ﬀ ,ﬁ 1.3ﬃﬂL*53 !$43#"%$-*& 31I^>@?/X1u F
ART~¼
RTAGYKA+>JI^R´>@F A7>J?]p NQBED/IRTAG? &4N:d@dPQUQ?/I^RTNQ?SR
!
uwl}>@AHA7YKd@NQ[/s]RNQs4A7YN:[/BEDmA7>J?/AHy{A7>RTA7Y^A³MU


















































































































 13 	 * 1% ﬂ +
	
-A
5* $ *& 31c @
!
f)u
v\>@Aq³MAG?/gVAkX/AGY ;xs4A7Y !#ªQBED/AG?/YKA7NQPSRT>@UQ?/A7?`I^A7>%FH>Rwµ4stAG~7AG>@BED/?/ARO:X/>@A¦stAG>@F ?¾UVY^DNQ?}














































X/>JA;rs4A7Y !#ªQBED/AG?}ﬀLAON:P-RK>@UV?]IKgVAGIKBEDSy>@?/X]>@gVP:A7>JR[/?]XMX/>JA¢cUV?]~7A7?SRKYTN:RK>@UV?/AG?MX]A7Y ;xstAGY !#ª
BED/AG?}l}|4A7~G>@AGI\NQ[}p X/>JA'& dfª:BED/ANQ?/I^RTN:RKRN:[]p X/NQI?¾UVd@[/FeA7?1u
Z\?/X]A7YKA=>@?"!/IKI^AcX]A7Y ;xstAGY !#ª:BED/A7?-s4A7X/AGBEP%[]?/g`NQ[]ptX/>JALA7NQPSRT>@UQ?/IKgVAGIKBEDSy>@?]X/>@gVP:A7>R












































































d     
 ﬁ

















































































































































































uX/[]YKBED A7>J?/A7? & d@[/I^I\/s4A7Y\X/A7?»LNQ?/XiX]A7I?¾UVdJ[/FeA7?/AGd@A7FeA7?SRKIcX/[]YKBED»¢cUQ?-hQA7PSRT>JUV?
U%X/A7Y{v\>¥1[/I^>@UV?1u}vc[/YKBEDXN:IkLNQ?/X/AGd@A7FeA7?SR 
8




























































7s&'ﬂ( )*$%+&,-&JdJp./ﬃ$ﬂ ( 41024365$ ½¬7(7gﬀ(Qd
*T~ ﬂ [$ﬃ[$ﬂ Z895$+%:ﬃ v-&J¥ﬁ (ﬂ/~ &; ^s9()< &,wh=ﬀ719 

&'> &; ? =VdJ[$+% $&;7(7gﬀ(Qd




















































































v8&;8LYXOﬃ$ "&;+[Z'1T~ ﬂ¢\Q|$&, Z^]ﬀﬂ9$( §_(&;/~ &J|$&'ﬂ½s@ 4L$5$ ﬃ$ 
¨
Z'ﬂ&'3657L$$]ﬀﬂ+~ L











L$$ﬃ»~ﬂL$¬+H|$LZ'(ﬂ(59<Z;L$]$j -&']~ L/~ﬂL$$ 5+ﬂp4&'$ﬃ
l











d     
 ﬁ















?  )(=ﬀ4X.ﬂZ'ﬃ 





v8L$(365 365$ +%&'4365$+§_(=Q~  4()<<$m³o<((ey2ﬂﬃ$ m ﬀ





























|@7~ &; /&;$ &;9$ﬃ 2L+]ﬀy/<$ﬃ$ Z,OY(=Pﬃ94
(&;365 ﬃ$&'C &;/~ ﬂZ'$ﬂ
s





ﬂ&-] 9L ﬃ$ 9$- &;Z
ﬃ$ 
s:

























&'ﬂﬃ$ 4L$+ L$(] (365Z'=ﬀ4(  jI=+%&;>Z@ª(Gt(&;365
Z;J;<@: &;(K=8&J¥ﬁ 4 &'Z']ﬀZ; &;365nL$]tX$ ﬃ$&;
s:




































 (1-;OmL$$ﬃ %c +
:
 *L$4]ﬀﬃ&' ( 

% 5$ 4+=nﬃ$&J¥ﬁL$4&'=ﬀ# jﬁ=5$ﬂ





































&'4ﬃP&'+ &9=ﬀZ'] $ﬃ$ﬂ LX]!ﬀﬂ(ﬂ&'X 365(%c<$
:
=ﬀ4(+=nﬃ$ﬂZ'Z'^; L$^$36)7]ﬀ ](&J¥ﬁ E
l



























	 ¹ ﬁ.2 
	 
ﬀﬁ
Z L$)$2ﬂ(365$4 & l L$$] ﬃ$ R&bZ;L$&'ﬃt&'GP  $= @: ﬃ$&']0E_ﬃ&'¬+
:





j =8Lt(ﬂ(L$Z,&'ﬂ4Pﬂ&' $&;365Z'&;$r<(  =8&J¥ﬁL$4(&D7
=ﬀ$Gﬂ(+#E ﬃ$ﬂR@2ﬂ(ﬂ7(Z'&;365Xﬃ$&'N)=ﬀ+
:

















l ﬂ(365$4&' l   j $8Z;eªL$dﬀﬂ( L$ﬂZ'Z;C&;4%=X (+ Z;Pﬃ9
¨
(!n&,6 7
&;=ﬀ$GX. Z'ﬃ ; L l  ^$36)7(&'365(&']ﬀﬂkjJ=8&; !ﬀ= e f.* 1.- L$$ﬃ g $Qi,1 / ﬂ(G+Z'L$9 l 5/ª$]ﬀ&;]
!ﬀ=$ &;9$ﬃ$ﬂ#LX.]ﬀﬂ4ﬂZ'Z,
¨




































)*$ &'  &' _=84L$36) 7?L$$ﬃw &;$ "!#ﬂ& l L$]ﬀ( &'Z






































&'ﬃ$&']ﬀ)< &,(]ﬃ$&; ﬂo&;41EZ L(ﬂ ﬃ 












































v_&'$Z@: &, 4 &'$
l

















&'$ 4 wv_$ 4]ﬀ&'EYﬃ j(5kjYnL/ﬃ$ :5$ﬂ(+%=Yﬃ]n9<+&;(365$[$8ﬂ&'Z =5$$)7&'ﬂ&;(365$v? (]&'j
=8&¥ L$4&%! %`($
:









L$$]xL$$ﬃ ﬃ$&; ? =ﬀZ'L$+% $
l
 &, (&;$ﬃ ; L








nL$]ﬀQ7 %`ﬂ$(=  59<Z;ﬂ





















































d     
 ﬁ
	 ﬃ 	< ﬃ
ﬃ$&; (5$ 4+=nﬃ]n9+%&'4365$ z§_(= ;ﬂ 4( +% &;4P!=ﬀp&;(= l (ﬂ`$2ﬂﬃ$&']ﬀL$$]ﬀﬂ <L$(]ﬀﬂ]$] 































































&'4ﬃ] +Hªdmﬃ + 7L$Z'Z,  8<L
:
(<-;-ﬃ$ % 5$ﬂ(+%=Yﬃ]n97




 (<L$4]ﬀ<ﬃ$&'ﬂ7(  +=nﬃ$ Z;Z'&; 4 j
=8L$4365 ﬃ$&; #&'0;ﬂL$95+ ﬃ$ﬂ $:&'Z'ﬃL$$]ﬀ4 59<Z
:
&; &' ﬃ$&'X=8ﬂ79$&,&'= ﬃ mv?(59Z
:
&'+7



































=8&;ﬃ=8&¥ ﬂ( (& Z;]ﬀZ'ﬂ&'3657L$$]ﬀﬂ"Z;Z'ﬂ&'$
l
 4(&'+%+ﬂ $=n365 $&;3657/ &'ﬃ$ L(&']mﬃ$&'FOa(L$$] 
ﬃ$ﬂ
¨
Z; &;365nL$]ﬀ(n4ﬂ+ﬂj,-&;0; LC; L$$ﬂ5$+%  (&;$ﬃP!#$ﬃ
l
 ﬃ$&;$]ﬀL$]ﬀ E<ﬃ$&'>!ﬀ=ﬀPﬃ 
¨
 =7



























jÁ5BX$8!# )=ﬀ4  +%&;











&;$ﬃ$ﬂkj+Z LTª<O; Z'&;365 +tL$4  ﬃ$ﬂ =-(L$36) ﬃ&' &9=ﬀ4ﬃ$ 4L$$] ]ﬀ87
4( Z;Z; @2ﬂ(ﬃ$ﬂE@ﬃ9(-ﬃ$ c¬+
:
L$Z'(L$4L$4365o+%&;#ﬃ$  ¡ª$ﬃ$ﬂ (&;365o&;$(]ﬀﬂ+mR;ﬂLo7L$Z'Z










































 ﬃ&'$]ﬀL$]ﬀ  4&'$"!=ﬀZ'Z j
¬\5$ﬂ( (=]ﬀ 7h)*<6Z7&'4365$ 
s
nG +% >4( Z;Z;Uﬃ$ﬂ;
l
ﬂ !#ª365 $4r)&;=ﬀ$G 4+B &;$ 
s
(=Q¥ G4=ﬀ+ !ﬀ=ﬀ ﬃ$ﬂ ;
l







































;j $8j l  &
¨
 l (365$ﬂ&'ﬃ$L$]ﬀQ7­§?4= ; ﬂ(4  l ;+@\j l ﬂ&'+ j/-; ﬂ#+E ! (4365"@
&'$ﬃ$1+ l  %Z;Z'
s:





<+N+(4 $G4=ﬀ+ ﬃ 
s:











































































n+%+1(&;t$&;3657\Gaﬀ4 E (=  4X ªZ'Z,8X$\Z;Z' &^ﬂZD7
























ﬃ$&; ﬂL$ﬃ=8&D!ﬀﬂ(]ﬀﬂ0; ﬂ ($4X.=(+%&' 4  (&;365


























































 ﬂ&;( (5&'%( &^&;+ &9=ﬀZ']ﬀﬂ$ﬃ$ﬂ%7L$ﬃ$ﬂ:G6<(&'=ﬀª<(&^Z'Z
l














































d     
 ﬁ
	 ﬃ 	< ﬃ








































































L$$ﬃ ^j $-LX.]ﬀ(L$ﬃ ﬃ$ Cv #Y&'4( 0; ﬂ&'$ﬂ
s
n++%+7





&'365L$] ;ﬂL l  ^$36) 7
(&;365&'] kj!#=(&'ﬂ( ﬃ$'ZtnZ'&;$ﬃ$ :+&,2]1!n&;6*&'=$Tª5$Z'&;365$ &bZ'&; 5$)7Tª*X  (ﬂ&' w$&;365
¨
 ]ﬀﬂ$4$ﬃCﬃ$&'ﬂ(  $- l  &; j
=8&'
¨











































































































































































































































&'4365 ]ﬀ 4 5$ﬂ ;
l
  !#ª365$ﬂ7 !





















































































@: (ﬃ  Z'Z;-Z'+&;94 En365$4 $n++%ﬂ((&'4365$ 
s
4aﬀ+tL$]ﬀ  &;" &;$ + ;GnZ'&;$ﬃ$(&;(365$ﬂ
!
=ﬀ5$ .#) l  (365(&' l ﬂkj $8L$7L$+% 4&'(365 
s
&'365 59 l  M(&;D4 ﬃ$=n365Mﬃ$  E83657
ﬂ&'Z Eﬃ9(:(&;8 &; $&;365Z'&;$r<( <E7 Z'Z;&
:
(&'4365$ ^=8&J¥ﬁ 4 &'Z']Z' &;3657L$$]ﬀ4^n4( +[+%&;$&'365Q7
4&%!n& <Z'  !-ﬃ l ﬂﬃ$&']ﬀL$$]ﬀﬂ l &'Z;ﬃ$ kj ¬+ $8Z;Z']ﬀﬂ+ﬂ&'$ﬂH@
&'4ﬃu+ uﬂ&'$ FUaﬀ4L$$]7L$












 ﬃ&'$]ﬀL$]ﬀ  Z;aﬀ4( -73ﬃﬂ$N $-X $] ﬃ$ﬂ
!ﬀ=(&']  6ﬀ5$(57L$ﬃ$ GoﬃL$(365Bﬂ&'$ﬂ $-$*-; E
l
 &\ﬃ$ﬂ+  Cﬃ$&'
s
((aﬀ+tL$] ;ﬂ 4Z' ]<j
§_L$$) X.ﬂ(9!ﬀ=ﬀ+ !-ﬃ =Yﬃ$ﬂ L$+%44aﬀ+N(  ;
l










ﬂE @qª5$4 $ﬃ &;









5* $ *& 31I!ﬀ Q@2ﬂ$ﬃ$1 @
&;(ﬃkj^$2ﬂ& ﬃ$&; (ﬂBE\ª<5$ 4L$$] @: 4ﬃ$ CZ;Z'&^ﬂZ'ﬃ$](aﬀdﬀﬂ ﬃ$L(365
§`=ZJn$=ﬀ+%m&; $
l













Z'ﬂ&'3657L$$] @: (ﬃ oﬃ$9365 !ﬀﬂ(9<365$ZfªL7
(&;]rj-¬ ﬃ$ﬂk¢#=ﬀ$(^ 7L$ 0;P! (4365"@
&'$ﬃ$ﬂ $
l





























































































d     
 ﬁ
	 ﬃ 	< ﬃ
&' ()+*-,/.01 ¹ ﬁ.2
ﬀﬁ		
ﬁ


































































































































































































 ﬃ&'$]ﬀﬂ ; L 79$ﬃ$ﬂE &'G ﬃ$ﬂ
¨
(L$ﬃ X$"ﬃ$&;




  ﬃ$&; 4>L)! Kª$ﬃ$ﬂ4rj
=8  ? =ﬀG &;Z2ﬃ$ﬂR$2=ﬀL$$ﬃ$^"7ﬃFOOﬀﬂQ7
¨













ﬃ$&; !#=Z'Z':ﬃ$ Z ﬂ&; j =8&;
!-<$ﬃ
l









]ﬀﬂZ'aﬀGP@2ﬂ(ﬃ$ﬂkj =-&' FUaﬀ(L$]  D4 ﬃ$ﬂ+ §_L$$)N5/ª$]>7L$>$=Y365B!ﬀ= ﬃ$ﬂ FUaﬀ4L$$] 
4((=ﬀ+LX @qªG ]ﬀﬂZ' ] $ﬂ«§_L$$)(  
l
j





















Z' 3@: 4ﬃ$  ﬃ$L$4365 
l
  ﬃ 
L$ 4(365$&;(O] +%&;(( Z,p G_ﬃ9<(]ﬀﬂ4ﬂZ'Z,rj7¬
l
 (=$ﬃ$ 4:ﬃ&'qG64) E-&;3657Q7ﬃFU&'r4&;Eª*
    
 ﬁﬃ ﬁq    ﬁﬃ

4
ﬃ$ﬂU365$ +%&'4365$ NL$ Z;Z;ﬂ(+%bZ;&'+%&;&; Gﬁﬃ&'_v_&'(ﬂO; l <()ﬂ&;Oﬃ$&; 4 w³ =nﬃ$ Z;Z' j v_&'$q4365$$ﬂZD7














  6 +?6  /ﬃ$ﬂ&^Z;Z j
E8365¬ﬂ]ﬀ<(&'=ﬀ\ﬃ$ﬂ $2=ﬀL$ﬃ9^"7 FcO Q7
¨























































































































































ﬂ ﬃ$ + ¡ªQ7
+% Z'ﬂ&;()=nG£X; &; ﬂ <L$365 !=ﬀ ﬃ 
¨







  ﬀ%ﬀ6	ﬁ% ﬂﬃﬃ!
v_&'>5ªL7$]ﬀ b!# )=ﬀG­
:
X$c5$ﬂ( (=]ﬀ t)*<ZJn4&' G!
r)&;=ﬀ$ﬂm4&'$ﬃm+=ﬀ=ﬀZ'&,5$&;(365$
!




(= ? =ﬀZ'L$+%  &'5$ &,
l
ﬂ&_]ﬀZ'ﬂ&'3657
; ﬂ&;(&']t5$=5$ + =8L$(365<O;W;ﬂLCﬂO;ﬂ&' Z; E@












ﬂ((ﬂ4&'$ﬃﬃ$&; 4¢><ªZ'm&' ﬂ&'$ﬂ &^ﬂ4()aﬀ
:
ﬂEULYX:ﬃ  ﬃ$&'m)<*6Zn(&'4365)&D7




&;Z'ﬃ$ﬂoﬃ$&;¢\ª<Z'>&'+ ³ =ﬀ$=Z'&;(5$ C &;
5B
d     
 ﬁ
	 ﬃ 	< ﬃ
(ﬂ]ﬀ Z;+½ª<dﬀ&']ﬀ
s
4L$)L$<E9ﬃ$(ﬂ&'ﬂ36)n&;]0E< 7L9ﬃ<(&'(365w=nﬃ$ ?@2 l  X.a(+%&']$j$8LX.]ﬀ4L$$ﬃCﬃ$&'ﬂ(ﬂ
!
 ]ﬀﬂZ'+Hªdﬀ&']) &,1E`]ﬀ -$]%ﬂ +% &'G @2ﬂ$&']«¢\ª<Z' ; L l 1(365  L$$ﬃ ﬃ$Lﬃ9<
?  459Z, wﬃ$ﬂ
¨




(aﬀd Eﬃ&' &'Pﬃ&'<$2ﬂ( 365nL$]Nﬃ$ﬂv?&;0; ﬂZ')*ª<Z'/ﬂ&'ﬁ!9&; dE&;4?ﬃ9 7
l  &Uﬃ$&;P%c +
:
 *L$ﬂj ?(&'<&;=ﬀ$ w<LXqﬃ$ﬂ
¨
4aﬀdﬀ =ﬀ(ﬃ$7L$]ﬃ$ﬂ\¢\$Z'ﬃ$L(365$+% 4( 4
@: (ﬃ  &'ﬃ$&'ﬂ(ﬂ $8 l ﬂ&;$&;3657 l ﬂK$36)74&'365&;]1En(=tﬃ$(: &' ? =ﬀZ'L+ﬂ$ Z; +% :LXOﬃ$ﬂ
s
)*Z' ﬃ$&; (ﬂ`³ =nﬃ$ﬂZ'Z'>+% 5$4 (½¢\ªZ;4365$$ &;ﬃ$  4=ﬀZ'Z j=8&'H¢\9Z;ﬃ$&'365%(ﬂ&2ﬃ$L(365
ﬃ$ﬂ«§`+%ﬂ(  ]ﬀ ] l  kj
=8&'%LYX2ﬃ$&; 4 
s






































 $&;3657!9&'ﬂd1E@ (X ª<Z'Z;-ﬃ$ﬂr¢-=ﬀ"! )&;=ﬀ$4( 4+ jF=-&' =-&J¥ﬁL$(&;=ﬀ @
&'4ﬃ




















ﬂ&/LYX.]ﬀ(L$ﬃ ﬃ$  $-$&'4=4=
:
&; ﬃ$ﬂ³ =ﬀ$=Z'&;(5$4((L$)(L$Nﬃ$ﬂ ¡ª4+ﬂZ' &,)<=Y£G;ﬂ&'ﬂ7




$ 5$+%  )*kj=8L$(365oﬃ$&'mv_&'
l
<; &; 57L$$]"ﬃ c¢><ªZ'
&' ﬃ$&;+³ &,(( Z'L$] GﬂZ'Z;>ﬃ$ﬂ ¡ª4+ L$G6L$4365 +%&;>ﬃ$ >]GX.aﬀ(+%&'] 
s
4aﬀ+tL$$]Cﬃ$&;













=w³ =nﬃ$ Z;Z&'GU$&'365ﬁ!ﬀ=Z'Z'GEªﬃ$&'] =ﬀ5$?ﬃ$&'?!#$ﬃ
l
 ﬃ&'$]ﬀL$]ﬀ  j
s
&')!=ﬀZ'Z; $8$Kª<-;ﬂ



















; & 79)*<&;=ﬀPﬃ$ﬂ ¡ª4+ !9L$4( ﬃ$L$4365 E# L$+$7 !#$ﬃ
l
 ﬃ$&;$]ﬀL$]ﬀ E ;j $-j


































































   ﬀﬂﬁ

ﬃ 




¬ Z L+%+ﬂ9 l ﬂ&;>+&,>+ﬂ5$(ﬂ(  ¢-=ﬀZ;Z' ] EO&' l  (=$ﬃ$ 4
ﬃ$L$4365 ?  \@: ﬃ$L$$] !ﬀ=ﬀ §_(=ﬀ]+%+Nﬂ&'Z;  l ;<@\j $-Z']ﬀ=ﬀ4&;(5$+ﬂ !=ﬀ 6j  <(9<O; E ;Pj






=v%  8v¦³ c S²gf j
"! # ^$z"  %%$ ﬃ &$ﬃr&" "  ﬃr#   #3ﬃ
&('*)$$]ﬀGﬂ,+?ﬂ(]<$]ﬀ 5$ &,@
L$(ﬃ W! 4(365$&; ﬃ$ﬂ$-+?=((365Z/.]ﬀ ;ﬂL$U7L$+% (&;(365$ﬂ
s
&'+tL7










4aﬀ+tL$$]ﬂ&'0;ﬂ Z' T0\U.Z; E`L$+ ﬂ&'$_;<@: & 7ﬃ$&;+ﬂ$(&;=ﬀ9Z;WVX.4+ﬂZ'ﬂ&;L$]ﬀ(]Z' & 7













&;+tL$Z *&'=%ﬃ  v_&'C;  Z;)*9Z;44aﬀ+tL$]>XG)$2!# )=ﬀ4 ;ﬂL$/)*<Za27&;(365$ﬂ





 4 365$7L$] L$ o]ﬀZ'ﬂ&'3650;ﬂ &;(&']ﬀﬂ+? \@: ﬃ$L$$] ﬃ$ﬂ em;fhnO7:o:Mhg]9pPiC7rq7
FZ' &;3657L$$]ﬀﬂtL$$ﬃ )=+
:
Z;:cY sR =nﬃ$ Z;Z':XG)b365$ﬂ+&;(365$
!
r)(&'=ﬀ$ﬂ Z'`7L$+ﬂ(&;(365 LX 7
@(.$ﬃ$&;]0Eﬁﬃ$ ﬃ$&'
s:
<$$Pt  &;(()*Z; oﬂ&'$m]ﬀ(=dﬀ
s
 &,X.5$ &,8ﬃ uFZ'ﬂ&'3657L$$]ﬀ4*2n4( +%
; Lwv9=ﬀZ;]ﬀw59<rj $-L$ﬃ&' 4 + F(L$$ﬃ#@2(ﬂ3; L!ﬀ=ﬀ&'$G6<(&'=ﬀU.<(
s
&;+tL$Z *&'=$  ﬃ$ﬂ













ﬃ;7:o7>L$$ﬃ em;fhnO7:oMhg]9SPiC7rq<7\FZ' &;3657L$$]ﬀﬂ ; L$
s
&;+tL$Z *&'=  &;$ T0\$Z'G(a+tL$$] &;








ﬂﬃ$&'$]L$$]ﬀﬂEXG)ﬃ$&; 4&'365  &'o5$&;$(ﬂ&'365$ﬂ$ﬃ
(365$ Z;Z' E9Z'+%&'94
s
(a+tL$$]  &;$4( Z;Z;1EYﬃ9F(ﬂ0; 4365$&'365\7SR =nﬃ$ Z;ZOL$(4 &;365$ $ﬃ ]ﬀL(
v_(]ﬀ
l
$&;((NZ'&'1X. G1E0@(.5$(ﬂ$ﬃ ﬃ9< H<JILK=MON1<QP













&;]ﬀ $-"@2ﬂ$ﬃ$L$$] pXG))*<6Z327&'4365$TR =$=ﬀZ'&,5$ﬂE 4= ﬃ94ﬃ9 F( C; (365&'365+%=Yﬃ Z'Z
$] +% (4   4(365$ﬂ&'rjv9ﬂ($ﬂ_)<<$ $]ﬀﬂ$=ﬀ+%+ﬂ @2ﬂ(ﬃ$ﬂEﬃ94_ﬃ$&' $8LX.ﬂ7(59Z,O;ﬂ &,
ﬃ$ﬂ_(r<]ﬀ&'ﬂ( ﬃ$  F\(2&'P &;$ + v_&'0;ﬂ Z;)<<9Z)!Y&; ZY)6)O; ﬂZ'`ﬃ$&' t ﬂ&;E<ﬃ$&;/ﬃ$ﬂ~R =ﬀ$= 7





&;+tL9Z,&;=ﬀ$ Pﬃ /v_&;0; ﬂZ')*9Z;4((aﬀ+tL$]\L$$ﬃ ﬃ  : (ﬂ365$7L$$]
ﬃ$ﬂ _c +
:
ﬂ<(L$4X.ﬂZ'ﬃ$ﬂ ﬃ$ 8F <+N+%=ﬀ$=ﬀZ;&;(5$ "4&'$"!=ﬀZ'Z j
=8&'7L$+% 4&'(365
s
&'+tL$Z'<&;=ﬀ +%=ﬀ$=Z'&;(5$&'4365$  !# )=ﬀ4  @
&'4ﬃ 5&' w<LXNﬃ (4 Z 7
l   @
&; &;+ !ﬀ=ﬀ($]ﬀﬂ]$] $ﬂ 0>
:
&;( Z l  (365(&' l ﬂ$ .-#&'((365$&;o<LX.]ﬀ l LrjHkﬂﬃ$
b_(=ﬀ]+%+ l ﬂ$t5U.<$]\7L$ﬃ!ﬀ=pﬃ$ﬂpL7( 4]ﬀ =ﬀ4$ﬂ( pv l ﬂ$   l L$$ﬃ)*$L$9 l 7
5U.]ﬀ&'] !ﬀ=ﬀ ﬃ$  ) l ﬂ(]ﬀﬂ=ﬀ(ﬃ$ﬂﬂ	R =nﬃ$L$Z'ﬂG! \@: ﬃ$ﬂJ@: 4ﬃ$ kj -+[ﬂ&'$ﬂ"+a]ﬀZ'&;365$4




365$ v9=ﬀ4(0/1/t]ﬀ+@ .<5$Z; ? 2/ED j
=v9L$ﬃ9+% !ﬀ= =v1_435-8v-R l &'Z'ﬃ  ﬃ&' !





594 7-L$ﬃ Z l  \[].365$ﬂ$( )&'=$ p+&,(Z; 
ﬃ$16&;Z'Z'&; G <E<L$v?Z; +% 6<((ﬂ)&'=$ X; L$(+%+ﬂ$]ﬀ 4ﬂO;ﬂﬂ RC 3659&'(+% (=@
&' ; L
2ﬂ( 365nL$] !ﬀ=ﬀ _c<$
:





ﬂ&K! (4365$&'ﬂﬃ$ ^R =Yﬃ Z'Z; ;ﬂL$y+? 4XG)]ﬀL$$] G87
5$ﬂkjt L$98Uaﬀ4L$$]uﬃ$  !=ﬀZ'Z;  em;fhnO7:o:Mhg]9pPiC7rq7SF\Z; &;365nL$]ﬀ  &'4wﬂ&'$ 0-=
:0:
Z'L$$]u+%&;








































































































































































































































 Y0$&	xﬂ 	 ( 5& fLf
MONOLITH
Temperatur der festen Struktur
durch eine 2D / 3D - Wärmebilanz
CHANNEL
Simulation des 2D-Strömungsfeldes durch Grenzschicht-Näherung









































eJP7ShPSTP=b ^ PU¡tJ|dP ^ ¾Ł_BPOQ|dUP7bJ}1P7bDË,v1`1b Z&tPS\[]. g eJP7bG~ﬁo






e Vl^ P7bG~S04`1bJ P7bzXfS V XfOQ`lbJPbMJbJR RYOQPyZ&tPS*[U. g eJPbptPRJP g{k MJbJ}1P7b
OQbjRJPb 04`1bJ 7PbzXfS V OdXh`1b ^ vlP k Xf`lS V |Q|dPS¤o

P 7OQP ^ POQbY}1P7mG)J}_X,MJbYR V M ^ }lP|QP ^ P7bﬃn  ^ PcYO ^ XhOQP~
ShP7b,mÇPSTbJPS i4`1MGXfOQbYPb¡ 7MJS4USTP g eJbpMJbJ}&vl`1b F Vl^

e Vl^ P7bG~S04`1bJ P7bzXfS V XfOQ`lbJPb*Odb`R Vl^T^ P7bG~




















P OdP ^NV MYXh`1U V XfO ^Tg e Vlk XfM V |QO ^ OQP7STX¥n
¦§©¨5§ ¨ ¼¶°¬¶°­(±
	 ­(¶a¸Y¯)³±°Gµ·­N¶±N¯)°Yµ°
&1_435--R ^ XhP|d|dXBPOdbJPxi`1MYXhOQbJPtPShP7OdX  UcOdX'RYPSRYOQP(F Vl^

e Vl^ PbG~;i4P Vlk XfOd`1b ^ }lP ^hg ezwOdbG~




PS V XfMJS(tPSTP g eJbYP7X
waPShRYPb kÆV bJbﬃnLklPRJPoOQU¡MJ| V XfOd`1b¢tuP7OQbJe V |dXfPXU V cGOQU V |zP7OQbJP7b F Vl^









































































































































































































































































































































 "!$# % &ﬀ')(+*
ﬂ ¾ fGna2Ë
 Y0$&	xﬂ 	 ( 5& fCB
O ^ X V MGmÇ}1ShMJbYRRJPSxeJ` g eY}1S V RYOQ}1P7b:NO g ezXT~)8(OdbJP V STOdX ._X ^hg ezwOQP7ShOQ}YnJ:NO g ezX ^ P7|dXhPbXfSTP7XhPb9R V ~
tPO V M g e U¡MY|dXfO ~ ^ X V tJOd|QPWtM ^ Xr.lbJRYP V MYm)n sNM ^ }1P7bpMYXf XwaPSTRJPb kÆV bJb 'TPRJ` g e  R V_^h^ POdb
o62 ^ XhPU b Vlg erRJP7U  wxP7OdXfP7by- V M

X ^hV Xf ¡RYPS_%eJP7ShUc`GR2Gb V UO k UOX4RJPSutP7OdXNOQb=P7OQbJP7b
Fq|QPO g eJ}1PwO g ezX ^  M ^ X V bJR)YtuP7Sh}1P7epXnNbzXhPS&RJP7S8+`1S V M ^h^ P7Xh MJbJ}  R Vl^T^ RJOQP F V_^

e V_^ Pb~
k `lbJ P7bpXhS V XhOQ`1b k `1b ^ X V bzX4}1Pe V |dXhPbwaPSTRJPb kÆV bJb 
Í
bJRJPXU V bPOQbYPb ^ `l| g eJP7b tM ^ X V bJR
RJMJS g e&;bzXfP}lS V XhOQ`1bvl`1b	Fq| n6gGnA@L@ )JtPSxRJOQP8tPOX¥n6&;bRJPS5i4P7}1P|ShP7| V cGOQP7ShP7bRJOQPZ&tuP7S*[].Æ~
g eJP7btPRYP g{k MJbJ}1P7b V MYm k MJSh 7PbytP7OdX ^hkÆV |QP7b z^ `¤R Vl^T^5V | ^ &;bzXhP}1S V XfOd`1b ^  7POXxUcPO ^ XwxP7bJOQ}lP
oGP k MYbJRJPbRJOQP7bJPbﬃn















|QOd OdXhP ^  cXfS V

`1| V XhOQ`1b ^ v1P7STm V eYShPbj}1PbpMYXh 7X  R V_^¡V MYmÇ}lShMJbJRjRJPS,oXhPOdmÇeYPOdX
RJP ^ o2 ^ XfP7U ^ v1`1bu+`1SﬁXfPOd|1O ^ X¥nd&;U

|dPUcPbzXfOdPSTXﬃO ^ X'RYOQP ^ RYMJS g e¤RJPb¤8(£ ^ P7S'mG)YS(RJOa4uPSTPbzXfO V |~
V |d}1PtJS V O ^Tg eJP Fq|QPO g epMJbJ} ^T^ 2 ^ XhPUcP,8&\R v1`1beJShOd}MJbJR:N`½w V_k ? g=i  fLi5D n








































































































































































































































































































































































































































sbYm V bY} ^ tPRJP g{k MJbJ}  ¾ b XºË |GnaEB
Zc¾Łb XºË |Gn  
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P7SamÇP ^ XfP8b V S V UPXfP7S

tuP ^hg eJSTPOQtP&P7OQbJP4stJe .lbJ}1Od} k P7OdXRJPSas k XfOvOQPSTMJbJ} ^ PbJP7Sh}1OdP4vl`1b
RJP7S xP7RJP g{k MJbY}¼RJPSbSh`RJM k XT~)o

P7 OdP ^ n4OdPjs k XfOdvOdPShMYbJ} ^ P7bJPST}1OQPytPOMJbptPRJP g{k XhPS







P OdP ^ s*¾ ^ Ë4|Q. ^h^ X ^ O g e=R V bYbmÇ`1|Q}lPbJRJP







































































































































































































































































































































































stYtJOQ|dRJMJbJ}fYn f 8Z ^  OQ|d|QOdPShP7bJRJP ^ o62 ^ XfPU UOXfZ&tuP7S*[]. g eJPb ^

P7 OdP ^ n V ËsNMYm ^hg e V MG~
k P7|Qb¼P7OQbJP7SoXf£lShMJbJ}RJP ^ F|dPO g eJ}1P7wO g ezX ^  7M ^ X V bJRJP ^  MJSyZ ^  OQ|d| V XhOQ`1b  tDË MY}1PeJ£lShOQ}lP
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sMGmWRJPb,s|Q}l`1ShOXfeJUcPbq 7MJSsxP7ShP g eJbpMJbJ}qRJP7S g eJP7UO ^hg eJP7b! &MJP|d|dXfP7ShUcP V MYmÇt V MJPbJR k_V bJb
POdbJP*oOQU¡MJ| V XfOd`1b0RJPSNShP V_k XhOdvlPbjoXfST£1U¡MJbY}PSﬁmÇ`1|Q}lPbﬃnuOQP V V eJ|RJP ^ oGOdU¡MJ| V XfOQ`lb ^

ST`_~
}1S V UU ^ eU._bJ}lX%v1`lbRJP7S4sNSTXRJP ^  7M|d£ ^ P7bJRJP7b bSh`ltJ|QP7U ^V tnDOQP V |d|Q}1P7UP7OQb ^ XfP80| Vl^ ~
^ Pv1`lbbSh`1tY|QPUcPb|Q. ^h^ X ^ O g e UOX k `1UcUcPSh 7OQP7|Q|QP7b oXfST£1U¡MJbY} ^h^ OQU¡MJ| V XfOd`1b ^

Sh`1}lS V U*~
UcPb  wOQP ln Nn v 8 : _ ?  gED  MYbpXhPS ^ M g eJP7bﬃn-NOdPSTtuP7O4waPSTRJPb.RJOdP#"m;$hnO7:o:M&%]9pP('C7rq~
Fq|QPO g epMJbJ}1P7b UOXctuP7|QOQP7tJOQ}lPb i V bJRYtuP7RJOQbJ}lMJbJ}1P7b V MYmP7OQbJP7U }lP}1P7tuP7bJPb.tP|QOdPtJOd}1Pb
FqOdXhXhPSN}1P|d£ ^ Xn V RYOQP ^ P`bSh`1}lS V UcUP 'TPRY` g e V MYmP7OQbJP7b V |Q|d}1PUcPOdbJPbv V |Q|B MY}1P ^Tg eJOdXﬁ~
XfP7b#wMJShRYPb  k £1bJbJP7b ^

P OdP|d|QPR0`GRJP7|Q|v1PSTPOdbYm Vlg epMJbJ}1P7b UP7O ^ X,bJO g ezX*tuP7S ) g{kp^ O g ezXfOd}lX
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ShO g ezX5R V tPORJP7S
MJS ^
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STM g{k }1S V RYOQPbzXhPbP7OQbJP7SeJ`1Uc`1}1PbYPb0i4`leJS ^ XfSh£lU¡MJbJ}}1Pw .leY|dX¥n
OQP V bJRYPShP7bOdbRJP7bFq|QP7O g epMJbJ}1P7b fGn g=ifYnAf V MYm XfSTP7XhPbJRJP7bFqSh£lPb ^ OQbYR0vl`1b=RJP7S
8(£ ^ MYbJ} V tJeU.lbJ}lOQ}1P b V S V UcP7XhPSntMYbU. g e ^ X k £1bJbJP7bRJOdP¢ 7MJ}1P7eJ£1ShOd}1Pb0OQbzXhP ^ Ov1P7b+ V STO V ~
tJ|dPb V M ^ RJPbP
Í













tP ^ XhOQUcU,XO ^ X¥n6xPO]+PSﬁwxP7bJRJMJbY}*RJP ^ 8&\R  RJP7SxP7OQb8(£ ^ PSmG)JSaRYOa4uPShP7bYXfO V |~ V |Q}lPtJS V ~
O ^Tg eJPyFq|QP7O g epMJbJ} ^T^ 2 ^ XhPUcPO ^ X 'kÆV bJb RJOdP ^ PFq|QPO g epMJbJ} ^ OQU¡MJ|X V b¹UcOdX¢RJPbNOa4uPShP7bzXfO~
V |d}1|QP7O g epMJbJ}1P7b V MGmÇ}1P|d£ ^ X¤wxP7RJPbﬃnsb ^ `1b ^ XhPbU ) ^T^ XhPRJOQPW_
P7U

PS V XfMYS,UcOdXhXhP| ^ P7OQbJP ^
^ P

V S V XfP7b" 7

9SP}W~ +P7STm V eYShPb ^ tP ^ XfOQUcU,X5waPSTRJPbn











































































































































































































































































































































































































































































v1PST}1Sh£1PSTb ^ `1|d| ntMJU V bJRJP7ShPb k £1bJbJP7brXfPOd|dwaPO ^ P,RYOQP¡NOa4uM ^ Od`1b ^ ~
|QOdUOXfOdPShMYbJ}1Pb*OdU V V_^ e g ` V X5RYMJS g eP7OQbwV Vl^ e g ` V XT~)s4uP k XfOvOdXr.ÆX ^ Uc`RJP|d|JOQb}1PP7OQ}1bJPXfP7S
VjPO ^ PUcOdXhXhP| ^ RJP ^ s4P k XfOdvOXr._X ^ m Vlk Xf`lS ^

tuP ^hg eJSTOQPtPb#waPSTRJPb ?AgLgED nsN| ^ i V bJRYtuPº~



















sM ^ FS*)JbJRJP7b¤RJP7SBoXfP7OdmÇeJP7OdXRJOQP ^ PS Fq|QP7O g epMJbJ}%O ^ X(P ^ UP7O ^ X ^ OQbYbpvl`1|Q|dPS  RJOdP~Z&tuP7S*[]. g eYPbG~
iP Vlk XfOd`1b ^ }1P ^Tg epwOdbJRJOd} k P7OdXfP7bjP7bzX k `
J
P7|dXv1`lU ShP ^ Xf|dO g eJP7bYFq|QP7O g epMJbJ} ^h^ 2 ^ XfPU M¹tuPº~
ShP g eJbJP7bﬃnOQP¢bzX k `
J
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Vlk XfOv1P7b R`1bJ`1|dOdXheJPb  tPO
RJPbYPbrRJOdP`F Vl^ ~pvDP ^ X k £1S

P7Sﬁ~p&;bzXhPS V_k XhOQ`1bOQU &;bJbJP7ShP7brShP}lP|~
UW.1OQ}}1PmÇ`1ShU¤XfPS 0 V bU.l|dP ^ X V XhX
Í
bJRJP7Xn vWP7ShbJP7S¤wOQSTR P7OQbJPcShP7| V XhOdv k MJST P04`1bzX Vlk Xf 7POX
v1`lS V M ^ }1P ^ P7Xh 7X Æ^ `4R Vl^T^ _
P7U

PS V XfMJSﬁv1P7S .lbJRYPShMYbJ}1Pb,OQU vWP ^ X k £1S

PS(w(.leJSTPbJR¤RJPS tPOX 
POdbXF V_^  MJU MJS g e
»
MYPShP7bPOdbJP ^ 0 V b V | ^ tuP7bJ£lXfOd}lX  bJO g ezXtPS*) g{kp^ O g ezXhOQ}lX9waPSTRJPb
U ) ^T^ P7bﬃn' V RJMYS g e¹}1P|dOQbJ}lXP ^7 RJOQPTFq|QP7O g epMJbJ}lPbr MYS aP ^hg eYShPOdtJMJbJ}0RJP ^ XfeJP7ShUcO ^hg eYPb
+PSTe V |XfPb ^ RYP ^ FqP ^hV U,XhU`1bY`1|QOXfeJP7b v1`1b RJPbYPb  7MJS xP ^Tg eJShP7OQtJMJbY}#RJPSW0 V b V | ^ XhSh£_~
U¡MJbY} 7M#PbzX k `
J
P|dbﬃnB V^ O g e#RJOdPci V bYRJtuP7RJOQbY}1MJbJ}1P7b RJP7S 0 V b .l|QP*bpMJS V MYm5}lSh`1P7b
tPOX ^Tk_V |QPb .lbYRJPSTb _kÆV bYb¤RJOdPaoXfST£1U¡MJbJ}4 M¤POdbJPU }1P7}1PtPbYPbTtP7OdX

MJb k X V | ^'^ X V XfOd`1bU.lS
V bJ}lPbJ`1UcUcPb¤waPSTRJPbnCtMJS




 MYS ) g{k }1P7}1ShO34P7bwaPShRYPbﬃn
R`RJP|d|Q}1STMJbJRJ| V }1P¤vl`1b¹&1_435--R=Z K @BK C[]\'> tJOQ|dRJPbrRYOQP¡Odbrst ^Tg eJbJOdXTX gGn 9tuPº~
^hg eYShOQP7tuP7bJPbWFq|QP7O g epMJbJ}1P7bﬃn_ ^ }1OQtYX ^ `½wa`1eJ|GPOQbYPx 7waPO ~ V | ^ V M g e*POQbYPxRJSTPOQRYOQUcPb ^ OQ`1b V |QP
+PS ^ Od`1brRJP ^ bSh`l}1S V UcUcP ^ nOQP, M¹U`RJP|d|QOdPShP7bJRJP¤OQ}1P7b ^hg e V m XO ^ XRYOQP _BPU

P7S V XhMJSn
 V tPO ^ P7OeJOdPS V M ^ RJS ) g{k |dO g erbpMJSRYOQP,|d` kÆV |(}1P7UOXhXfP7|dXhP _BPU

PS V XfMJSNRJP ^ vWP ^ X k £1S

PS ^
tP7XfS Vlg ezXfPX¥n5NPSiP V_k Xh`1SwOQShR V | ^ 0N`lbpXhOQbpMJMJU tPe V bJRJP7|dX¥n~+ V STO V XhOQ`1bJP7b V MYmqP7OQbJP7S






































































































































































































































































































































































































































bJRYP7X*OdU;bJbJPSTPb RJP ^ R`1bY`1|QOXfeJP7b POdb VX.lSTUP V M ^ X V M ^Tg e  7wO~
^hg eYPb F Vl^ MJbJR vDP ^ X k £1S

P7S ^ X V XTX¥n NbzXfP7S¤RYPSsbJb V eJUcP  R Vl^T^ RJOdP 0N`1bzX V_k Xh P7OdX¢bpMJS
waPbJOd}1P ROQ|d|QO ^ P k MJbJRYPb*tP7XfS .l}lX 1kÆV bJb V bJ}1P7bJ`1UcUP7b*wxP7ShRJP7b  R Vl^h^^ O g ecRJOQP _BPU

P7S V ~
XfMYSxRJP ^ vDP ^ X k £1S

P7S ^ w(.leJShP7bJR9RJP7S tPOX  RJOQPNPOQbF Vl^ v1`1|dMJUcPbtPbJ£_XfOQ}_X  MJU RJPb	R`Æ~
bJ`1|dOdXheJPb# 7M RJMJS g e ^ XhSh£1UcPb  bJO g ezX ^ OQ}1bJO






PbzXh| V bJ}yP7OQbJP ^ 0 V b V | ^*kÆV bYb ^ `1UcOdX V | ^
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.ﬁﬀﬃﬂ2 R Vl^ RJMJS g erPOQbYP¡iPOQeYP¤v1`lb *

54
V cGO V |'tPb V_g et V STXhPS tP|d|QP7bSTP

S . ^ P7bG~
XfOdPSﬁXwOQSTR  tYOQ|QRYP7X TPwxP7OQ| ^ POdbJP*i V bJRJtPRJOdbJ}1MJbY}m"!JS&RJOdPoGOdU¡MJ| V XfOQ`lbP7OQbJP ^ OQbJ 7P| kÆV ~
b V | ^ n
 V RJOdPO ^hk ShPXfO ^ OQP7ShMJbJ}rRYMJS g e
Í
bYOdXfPW+`1|QMJUcPbjPSﬁmÇ`1|Q}lX  P7bzX ^

ShO g ezXR V_^ bSh`
Í
|
POdbJPS%RYO ^hk STP7XfP7broXhMYmÇPbGmÇMJb k XfOd`1bﬃn















































































































































































































































































































































































































































































}1P ^hg eJSTOQPtPb waPSTRJPbﬃnsxPOdU sNbzwxP7bJRJPb RJPS
Í
bJOdXhPb60`l|QMJUcPbG~SRP7XheJ`RJPwOdShR#RJMYS g e
;bzXfP7}1S V XhOQ`1b !YtuP7SBRYOQP~FqOdXTXfPST P7|Q|QP
RJP ^ R`lbJ`1|QOXfeJP7bq|QP7RJOQ}1|dO g eNRJPSBbzXfe V |
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|a}1Pb V M POQb 4¢V b V | V M ^  7MpwaPSﬁXfP7bﬃn ;b ^ tP ^ `1bJRJP7ShP0tuP7OÆ~
RJOdUP7b ^ Od`1b V |dPb¼oOQU¡MJ| V XfOd`1bJP7b UcOdXtuP7ShP7OdX ^ }1PSTOQbJ}1P7SS V RJO V |QPSMJbYR V  OQU,MYX V |dPSsMGm]~
|Q£ ^ MJbJ}¹PbzXhe 1l|dXcP7OQb  &MJP7S ^Tg eJbJOdXTXRYMJS g e R Vl^ qOdXTXfP7S*RJP ^ `1bJ`1|dOdXheJPbUcPeJS V | ^ 
P|d|QP7bﬃnWOdP¢oGOQU¡MY| V XhOQ`1bP7OQbJP7S ^ `1| g eJPb0sbJ  V eJ|(v1`lb 4V b 1_|QPb|dOQP}_X%UP7O ^ XOQbRJPS qSh£_~
1P7bJ`1ShRYbMYbJ}cvl`1boXfMJbYRJPbﬃn
OQbUc£1}1|dO g eJP7Ssb ^hV Xf   RJOdPNsNbJ  V eJ|RJP7Sa 7MtPShP g eJbJP7bJRJPb 4V b 1l|dP MSTPRJMJ 7OQP7ShPb 
|QOdP}lX4R V ShOQb  RYOQP¢sMW£ ^ MJbJ}9RYP ^ qOdXTXfP7S ^ tuP7O




OQP  1lSTUP7OdXhMJbJ} ^ }1|QP7O g epMJbJ}wOQSTRj w V S V MYmxRJPU }1P7}1PtPbYPb qOdXTXfPS
}1P7|Q£ ^ X  TPRJ` g e waPShRYPbbpMJS ^ XhP|d|QPbzwaPO ^ PRYOQP  1_ShUcP
»
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